Pre-exposure prophylaxis (PrEP) remains an under-utilized HIV prevention tool among men who have sex with men (MSM). To more comprehensively elucidate barriers and facilitators to PrEP use among US MSM, we conducted a systematic review of peer-reviewed published articles and content analysis of online posts about PrEP. We searched peer-reviewed databases (Medline, Web of Science, Google Scholar) using MESH headings and keywords about PrEP and/or HIV prevention from 2005 to 2015. We included original studies among MSM in the US that reported on barriers, facilitators, or other factors related to PrEP use. We also searched online posts and associated comments (news articles, opinion pieces, blogs and other social media posts) in diverse venues (Facebook, Slate Outward, Huffington Post Gay Voices, Queerty, and My PrEP Experience blog) to identify posts about PrEP. We used content analysis to identify themes and compare potential differences between the peer-reviewed literature and online posts. We identified 25 peer-reviewed articles and 28 online posts meeting inclusion criteria. We identified 48 unique barriers and 46 facilitators to using PrEP. These 94 themes fit into six overarching categories: (1) access (n = 14), (2) attitudes/beliefs (n = 24), (3) attributes of PrEP (n = 13), (4) behaviors (n = 11), (5) sociodemographic characteristics (n = 8), and (6) social network (n = 6). In all categories, analysis of online posts resulted in identification of a greater number of unique themes. Thirty-eight themes were identified in the online posts that were not identified in the peer-reviewed literature. We identified barriers and facilitators to PrEP in online posts that were not identified in a systematic review of the peer-reviewed literature. By incorporating data both from a systematic review of peerreviewed articles and from online posts, we have identified salient and novel information about barriers to and facilitators of PrEP use. Traditional research approaches may not comprehensively capture current factors important for designing and implementing PrEP related interventions.
Introduction
Pre-exposure prophylaxis (PrEP), the use of antiretroviral medications by HIV-uninfected individuals to prevent infection before potential HIV exposure, is an underutilized prevention tool among men who have sex with men (MSM) in the United States (US). The Centers for Disease Control and Prevention estimate that 25% of sexually active adult MSM in the US, have indications for PrEP to prevent HIV acquisition [1] . However, recent estimates indicate that only 100,000 men have initiated PrEP since 2012, less than a quarter of eligible individuals [2] . Reasons for slow PrEP uptake among MSM are complex and occur at the level of the individual, the provider, the community, and the health system. While previous publications have identified potential and actual factors affecting PrEP use [3, 4] , we are not aware of any published studies that have systematically identified and synthesized barriers to and facilitators of PrEP among US MSM. Understanding these factors is necessary to inform interventions to accelerate PrEP uptake in the US.
Given the time lag between conducting research and final publication and the rapidly changing context of PrEP in the US among MSM [5, 6] , the peer-reviewed literature may not capture novel and emerging barriers to and facilitators of PrEP use. Reviewing online posts, such as blogs, Facebook groups, and special interest news sites geared towards the MSM community may circumvent some limitations of traditional systematic review for this rapidly evolving topic [6] . Further, online posts are written from a lens other than that of the researcher, and are a rich source of data to understand everyday perceptions (and misperceptions) of topics that are often stigmatized, such as sex, HIV, and PrEP [7] . Incorporating data from online posts allows us to learn from usergenerated exchanges of ideas that connect large numbers of individuals who are thinking about, discussing, using, and experiencing PrEP in real time [8] .
We sought to gain a holistic view of barriers to and facilitators of PrEP use among gay, bisexual, and other MSM by synthesizing data from both peer-reviewed literature and online posts from MSM targeted websites. We hypothesized that content analysis of online posts about PrEP would identify factors not found through systematic review of the peer-reviewed literature and that we would identify novel modifiable factors that could influence future PrEP implementation.
Methods
We first conducted a systematic review and qualitative analysis of peer-reviewed published articles, and then conducted a systematic content analysis of user-generated online posts about PrEP. Finally, we compared results from the two systematic qualitative analyses.
Systematic Review of Peer-Reviewed Published Articles
Our systematic review of peer-reviewed published articles is reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A formal protocol was developed and submitted to PROS-PERO, which included our key questions, search strategy, and inclusion and exclusion criteria (CRD42016032828).
Literature Search and Abstract Selection
Peer-reviewed abstracts were identified from Pubmed, Web of Science, and Embase from January 1, 2005 to July 1, 2015, using the following keywords and phrases: 'preexposure prophylaxis,' 'HIV infections/prevention and control,' 'biomedical HIV prevention,' 'barrier', 'awareness,' 'stigma,' 'adherence,' 'health knowledge, attitudes, practice,' 'patient acceptance of health care,' and 'social stigma'. Potentially eligible abstracts were downloaded into Endnote and searched according to inclusion and exclusion criteria to finalize selection.
Selection of Peer-Reviewed Articles for Full Text Review
One author (AH) conducted the literature search and compiled the abstracts into Endnote. Two authors (AH and MLW) independently screened all titles and abstracts to identify peer-reviewed articles for full text review. An article was considered eligible for full review if it: (1) was an original collection of data; (2) took place in the United States; (3) included participants identified as MSM and contained MSM-specific analyses; (4) assessed patient perspectives about, or factors associated with, PrEP use or intent to use; and (5) was published in English. A full text review was then conducted on every peer-reviewed article that either reviewer deemed eligible after reading the title and abstract. Each full article was selected for inclusion or exclusion in the final review based on the same selection criteria as were used in the abstract phase. To avoid missing any barriers or facilitators, we did not exclude articles based on methodological quality.
Data Abstraction and Content Analysis
Two authors (AH and MLW) independently extracted information from the included articles using a tool which included the following items: study characteristics (objective, design, sample size) and participant characteristics (population and age group) [9] . Qualitative data about barriers to and facilitators of PrEP use were analyzed using inductive content analysis [10] . Using this method, the two reviewers created an initial codebook which was iteratively updated as novel themes emerged. Once all text had been coded, the entire research team met to organize codes and themes into categories. In instances where two codes fell under a single theme, separate codes were collapsed. Similarly, codes identified as containing more than one theme were separated. Next, the team organized codes and themes into categories within two broad groups: barriers and facilitators. Themes were considered barriers if they were likely to decrease PrEP use, and facilitators if they were likely to increase PrEP use; some themes were coded as both. For example, the theme side effects of PrEP was separated into side effects present (barrier) and side effects well-tolerated (facilitator). Using the final coding scheme, all peerreviewed articles were analyzed to determine the presence or absence of each theme in each article or post. Dedoose [11] , a web-based qualitative management and analysis software, was used for all analyses.
Systematic Content Analysis of User-Generated Online Posts

Search Strategy and Online Post Selection
We defined online posts as information shared on the Internet through forums such as blogs, articles, or Facebook groups. Popular MSM targeted websites and blogs were selected based on team knowledge and initial web searches. Sites included were "My Prep Experience", "Slate Outward", "Huffington Post Queer Voices", and "Queerty". Two authors (AH and MLW) searched each website in August 2015 for articles containing the terms "PrEP" or "HIV prevention" that were published between July 1, 2014 and July 1, 2015. All articles meeting these criteria, as well as the respective comments sections, were reviewed. If the comments section included more than 100 comments, we limited our review to the first 100 comments. Data was also collected from a single Facebook group, "PrEP Facts: Rethinking HIV Prevention and Sex." This moderated group hosted discussions and comments about PrEP among 18,000 members. We searched this group for posts between January 1, 2015 and July 1, 2015 that discussed or mentioned facilitators or barriers to PrEP. This specific group was selected because of its large number of users and high posting activity. While we initially intended to include posts from 12 months of activity of this group, due to the large volume of posts, we shortened the data collection period. For all online sources, an article, blog, or comment was eligible for inclusion if it: (1) was posted online from July 1, 2014 to July 1, 2015, (2) reported or responded to an individual's perspective about, or factors associated with, PrEP use or intent to use, (3) was written in English, and (4) was considered likely to refer to the United States.
Data Abstraction and Qualitative Analysis
We used the same method of abstraction and qualitative analysis as described above for our systematic analysis of peer-reviewed articles. In brief, two reviewers independently extracted information from the included online posts, and then used inductive content analysis to identify and organize themes. Finally, the presence or absence of a theme identified in the peer-reviewed literature was compared to the presence or absence of a theme identified in the online posts.
Results
Search Results
Peer-Reviewed Articles
Our search of indexed databases identified 813 unique abstracts. Of these, 776 were excluded during abstract review. The remaining 47 articles were reviewed in full, and 25 met inclusion criteria ( Fig. 1; Table 1 ). The included articles used focus groups, open-ended and structured individual interviews, surveys, or a mix of these three approaches. Five articles used focus groups, 12 used individual interviews, and 12 used surveys. Our search did not identify any longitudinal studies; all included articles reported only crosssectional data.
Online Posts
We identified 28 eligible online articles, excluding Facebook posts, before we reached thematic saturation. Of these articles, 14 were identified from My Prep Experience, 5 were identified from Slate Outward, 7 were identified from Huffington Post Queer Voices, and 2 were identified from Queerty ( Table 2 ). The Facebook page PrEP Facts: Rethinking HIV Prevention and Sex, had such a high volume of posts (approximately 5000 in 1 year) that we reached thematic saturation after analyzing posts from a 7 month period from January 1, 2015 through July 1, 2015.
Thematic Analysis of Barriers and Facilitators
Overall, we identified 94 unique themes, including 48 barriers to and 46 facilitators of PrEP use (Table 3) . These 94 themes fit into six overarching categories: (1) access (n = 14), (2) attitudes/beliefs (n = 24), (3) attributes of PrEP (n = 13), (4) behaviors (n = 11), (5) sociodemographic characteristics (n = 8), and (6) social network (n = 6). The access category contained themes pertaining to an individual's ability to obtain PrEP medication or to obtain knowledge or other information about PrEP (e.g., cost, insurance). The attitudes/beliefs category contained themes pertaining to an individual's opinions about PrEP use (e.g., stigma, decreased anxiety during sex). The attributes of PrEP category contained themes pertaining to inherent characteristics of the medication or of how the medication is taken (e.g., side-effects, daily dosing). The behaviors category contained themes pertaining to behaviors that might increase or decrease PrEP uptake, or that could change because of PrEP use (e.g., having many partners, sporadic condom use). The sociodemographic characteristics category contained 1 3 themes pertaining to whether sociodemographic characteristics might affect PrEP uptake (e.g., age, being 'out'). Lastly, themes fit into the social network category if the identified barrier or facilitator pertained to social relationships that might impact PrEP uptake (e.g. having an HIV positive partner, knowing someone on PrEP). Representative quotes for each barrier and facilitator found in the online posts are in Table 4 (For a complete list see Supplemental Table 1 ).
The largest number of unique barriers was within the attitudes/beliefs category (n = 15), followed by access (n = 9), attributes of PrEP (n = 4), behaviors (n = 2), sociodemographic characteristics (n = 2) and social network (n = 1). The attitudes/beliefs, attributes of PrEP, and behaviors categories were tied for the greatest number of facilitators (n = 9), followed by sociodemographic characteristics (n = 6), social network (n = 5), and access (n = 5) (Fig. 2) .
In all six categories analysis of online posts resulted in identification of a greater number of unique themes (Fig. 3 ). There were an additional 38 themes present in the online posts that were not present in the peer-reviewed literature, 13 of which were categorized in the attitudes/beliefs category. Examples included barriers such as PrEP perpetuates stigma of homosexuality and HIV, acquaintances will assume promiscuity with PrEP usage, and less concern about HIV in younger generations (Table 3) .
Both the peer-reviewed articles and the online posts reported barriers to PrEP, such as cost, lack of PrEP awareness, and actual or perceived side effects. However, online posts provided more nuanced, and often more concrete information about specific barriers. For example, online posters wrote paragraphs detailing individual experiences with poorly informed providers (highlighting lack of PrEP awareness among providers), and offered explanations as to why it was difficult to adhere to PrEP, such as the perception of PrEP users as being promiscuous (Table 4) .
With respect to facilitators, while peer-reviewed articles described factors that may already be increasing PrEP uptake, the online posts provide a starting point for new outreach interventions. Quotes from online posts were often from individuals who were passionate PrEP advocates, and this advocacy resulted in discussion of how PrEP could have a positive impact on the sexual health of gay, bisexual, and other MSM. This impact was not identified in the peerreviewed literature.
A key finding of this analysis was that online posts themselves appeared to be facilitators of PrEP adoption. The moderated Facebook PrEP support group, in particular, was conducive to education, information, and peer-to-peer support, and served as a source of solutions to barriers identified within its community of over 18,000 individuals. Examples Table 1 ). In addition, social support was provided within this group and through spin-off support group pages, as was access to information (such as non-English resources).
Discussion
In this study, we identified novel barriers to and facilitators of PrEP in online posts that were either not prominent or not present in our systematic review of the published literature, supporting the hypothesis that traditional research approaches may miss factors salient for designing and implementing PrEP-related interventions. To our knowledge, this is the first systematic review of barriers to and facilitators of PrEP adoption among MSM in the United States, as well as the first content analysis of online posts examining factors influencing PrEP use. Overall, our study identified 94 unique themes, including 48 barriers to and 46 facilitators of PrEP use (Table 3) . We found that the factors fit into six overarching domains: access (n = 14), attitudes/beliefs (n = 24), attributes of PrEP (n = 13), behaviors (n = 11), sociodemographic characteristics (n = 8), and social network (n = 6).
We identified a broad range of potentially modifiable factors likely important for PrEP uptake interventions to address. Examples of facilitators to increase access to PrEP included trust in healthcare providers and ease of accessing PrEP through non-traditional prescription methods such as online ordering, while barriers included uninformed and judgmental primary care physicians. Individuals on PrEP noted that they had decreased anxiety and stress during sexual encounters and that taking the medication felt empowering. Barriers relating to an individuals attitudes and beliefs about PrEP included concerns about risk compensation, concerns that increased PrEP uptake would mean decreased resources for other types of HIV prevention methods, concerns around PrEP's effectiveness, and challenges to adherence. Addressing these barriers and highlighting facilitators in dissemination interventions may be appropriate behavioral targets to help increase PrEP adoption for MSM at high risk of HIV acquisition in the US. In all six categories, analysis of online posts resulted in identification of a greater number of unique themes. Across all categories, 38 themes were identified in the online posts that were not identified in the peer-reviewed literature. For example, while both online posts and peer-reviewed articles identified barriers such as cost, lack of knowledge of [63] PrEP, and insurance coverage, only the online posts revealed important facilitators such as sensitively trained trustworthy providers, and online ordering and delivery of PrEP. Review of online posts identified an additional 13 themes in the attitudes/beliefs category that were not present in the peerreviewed articles, including barriers such as PrEP perpetuates stigma of homosexuality and HIV, acquaintances will assume promiscuity with PrEP usage, and less concern about HIV in younger generations. Many of the reported barriers to PrEP were present in both the peer-reviewed literature and the online posts, however, the online sources often provided more nuanced and concrete information. For example, online posters detailed their interactions with their insurance companies and with poorly informed providers (highlighting lack of PrEP awareness among providers) explaining specifically why they encountered problems with PrEP uptake (Table 4 ; Supplemental Table 1) . There are several possible reasons why the online posts revealed different information. Selection bias is particularly relevant in published studies relating to sexuality [65, 66] , and prior studies have shown that adolescents and younger individuals are often missing from HIV research. Inclusion of online posts may help compensate for these shortcomings, and takes advantage of a previously untapped resource by allowing under-represented populations to contribute to research findings and having their "voices" heard. Additionally, the temporal context of data from online posts differs from formal research studies in two ways; prior studies have shown that MSM reporting their activities on a daily basis have increased reliability compared to biweekly surveys [67] , and online posts encourage updates by the author, allowing the data to evolve.
Another issue addressed is social desirability and volunteer biases that often exist in research studies. Several studies have verified that subjects who engage in high-risk sexual behavior are less prone to social desirability when data are collected via non-human interfaces (e.g. computer assisted interviews) [68, 69] . Online posts provide anonymity, allowing sensitive and nuanced themes to be discussed [70] . Online, posters felt comfortable writing about how they are still very much afraid of HIV. While both online posts and peer-reviewed articles identified that having an HIV positive partner was a facilitator, through the online posts we also learned that having an HIV positive partner could be a barrier to telling friends and family that an individual was on PrEP so as to not give away the HIV status of their partner. A key finding of this analysis was that online posts themselves appeared to be facilitators of PrEP adoption. Online posters are willing to share experiences, whether positive or negative, which in this analysis helped further describe the physical and emotional experience of using PrEP [7] . Interestingly, online posts appeared to trigger others to share their experiences, continually expanding upon the depth of this resource [71] . These personal accounts may help motivate non-PrEP users to seek out the medication by conveying positive experiences; comments such as those that discuss reduction or elimination of anxiety related to acquiring HIV after starting PrEP. Similarly, some comments may hinder PrEP uptake by affirming negative beliefs of the pharmaceutical industry. Such a close and honest visualization of these issues is challenging to glean with other methods, but the anonymity afforded by these methods may temper social desirability.
Our analyses have important implications for developing interventions to increase PrEP adoption. Attempts to increase PrEP use by addressing barriers identified only through traditional research approaches (e.g. solicited surveys, cohort studies, qualitative studies) may potentially miss major 'real life' barriers. Studying online posts allowed for a more multifaceted understanding of common factors associated with PrEP use, which may better enable elucidation of modifiable targets for behavioral interventions. Although a few studies exist on the role of primary care providers in implementing PrEP [72] , many posters and participants described how their primary care providers were often not knowledgeable about PrEP or discussed being stigmatized by providers in diverse geographic settings, highlighting the need for uptake interventions in primary care settings. Additionally, these online posts provide the nuanced data needed to elucidate appropriate behavioral targets and inform interventions. Posting of negative experiences in trying to obtain PrEP often led to rapid resolutions either from other posters sharing provider talking points and lists of other providers, or from PrEP navigators who provided their own information in real-time. Support was also provided through spin-off support group pages and links to other resources. "Interventions" such as these can be easily scaled up and become self-sustaining through creation of virtual support groups.
Looking past these platforms as a source of data, it is imperative that we continue to promote resources that may B/F denotes whether the theme was determined a barrier (B) or facilitator (F). Codes are marked with an X to indicate whether they were present in the online posts or the peer-reviewed articles (or both) Difficulties with adherence "Guys can't even remember to wear condoms, but they'll remember to take a pill they really don't need every day. Yep, this should help to make things less complicated (sarcasm)" [63] Sociodemographics F Being "out" "It's going to have to come from within the younger generation. And frankly, it starts with the Truvada whores. What a beautiful movement. Here are the guys who are coming out. Coming out has been the secret ammo for the LGBT movement from Day 1.
Whether it was coming out as gay or lesbian, or HIV positive, or having AIDS, or now just announcing how you're protecting yourself against HIV/AIDS" [51] Social network F Facilitates the conversation about HIV "PrEP has at least started a conversation about how gay men want to have sex and why" [62] heard of or had some level of PrEP knowledge, while many participants surveyed in the peer-reviewed articles were often unaware of PrEP, novel barriers among individuals who had not been exposed to information about PrEP may not have been identified from online posts. In summary, we found that by extracting data both from a systematic review of peer-reviewed articles and from online posts about a specific health topic, we were able to identify an unprecedented amount of information about barriers to and facilitators of a relatively new HIV prevention technology, and demonstrated a model for integrating different types of data. Individuals are increasingly accessing health information through the Internet including social media, and leveraging information from these online platforms will be essential to rapidly obtain actionable data for new and existing health issues, as well as to help diffuse accurate information and support behavior change. This model can be used to inform interventions and policy to increase uptake of PrEP and thus prevent new HIV infections. In other industries, online "infoveillance" approaches are widely used to understand consumers' perceptions and to develop marketing strategies to influence consumer behaviors [73, 74] , and employing such strategies to improve health is a natural extension of this approach. Furthermore, 
Number of Unique Themes
Online postings
Peer-reviewed Literature as the field of online data mining and analysis grows, and we learn to better use automated text analysis and machine learning approaches, this research model will be increasingly relevant especially to HIV and other stigmatized health conditions [75, 76] .
